Recent advances in STEM EELS monochromation now allow for routine ultra-high energy resolution of 15 meV or better in the low-loss region [1] . The ability to now correlate atomic structure and electronic structure in the low-loss and bandgap regions of the energy-loss spectrum represents a powerful tool for characterization of electronic and optical properties of material defects and device features such as grain boundaries and interfaces. Here, we demonstrate an application of monochromated low-loss EELS for characterizing the electronic transition from valence band to inter-bandgap states in Pr 0.1 Ce 0.9 O 2-δ (PCO) nanoparticles, an ionic/electronic-conducting solid whose cations have readily accessible trivalent/tetravalent redox couples (i.e. Ce 3+/4+ and Pr 3+/4+ ). The specimen for this study was heat-treated PCO nanoparticles (~30 nm) synthesized in the authors' lab via spray drying (rapid solution evaporation), which resulted in partially oxygendeficient particles ( fig. A) . Subsequent heating for 3 hr at 900 °C in air maximized the number of tetravalent cations (by filling O vacancies), causing the powder to appear dark red in color (fig. B; see discussion below). Energy-loss spectra were acquired using a monochromated Nion UltraSTEM100 at 60 keV in the energy-loss range up to ~5 eV using dispersions including 3 meV and 5 meV. Under these conditions the zero-loss peak (ZLP) full width half maximum was typically 18 meV to 25 meV to provide reasonable signal-to-noise. Data were acquired using the standard transmission geometry as well as an aloof-beam configuration, whereby the STEM probe was positioned in the vacuum some distance from the specimen ( fig. C) to avoid the radiation damage. Core-loss EELS and optical observations corroborated findings based on lowloss data.
Pr-4f band width, and the midpoint energy of the sloping onset (2.0 eV) was taken to be the Pr-4f band center position. This inter-band state associated with Pr doping results in broad optical absorption above ~2 eV, and causes the oxide to appear deep red in color [3] . This position and the measured energy of the Ce-4f conduction band onset (i.e. the direct optical bandgap) agreed closely with reports of optical bandgaps of PCO (2.1 eV) [3] and CeO 2 (3.6 eV) [4] . Interestingly, the inter-band state persisted throughout time-resolved acquisitions, likely indicating signal delocalization in transmission mode.
Figs. A & B. PCO (A)
as-synthesized and (B) after heating. Band diagrams adapted from [2] . 
